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Gas sensor 



(57) Disclosed is a gas sensor comprising a main 
pumping cell (26) for pumping-processing oxygen in a 
first chamber (1B); an auxiliary pumping cell (52) for 
pumping-processing oxygen in a second chamber (20); 
and a measuring pumping cell (60) for pumping- 
processing oxygen in a measurement gas introduced 
through a third diffusion rate-determining section (58); 
wherein a NOx component contained in the measure- 
ment gas is measured on the basis of a pumping current 
(Ip) flowing through the measuring pumping cell (60). 
The gas sensor further comprises a heater (66) for heat- 
ing at least the main pumping cell (26), the auxiliary 



pumping cell (52), and the measuring pumping cell (60) 
to predetermined temperatures; an impedance-detect- 
ing circuit (70) for detecting an impedance between an 
inner pumping electrode (22) and an auxiliary pumping 
electrode (50); and a self -diagnosis unit (202) for com- 
paring an impedance value detected by the impedance- 
detecting circuit (70) with a prescribed value to decide 
whether or not any trouble occurs, on the basis of a re- 
sult of comparison. Accordingly, it is possible to provide 
the gas sensor which has a self -diagnosis function ca- 
pable of quickly and reliably detecting whether or not the 
gas sensor has any trouble. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention: 

The present invention relates to a gas sensor for 
measuring oxides such as NO, N0 2 , S0 2 , C0 2 , and 
H 2 0 contained in, for example, atmospheric air and ex- 
haust gas discharged from vehicles or automobiles, and 
inflammable gases such as CO and CnHm. 



Description of the Related Art: 

Various measuring systems and apparatuses have 
been hitherto suggested in order to know the concen- 
tration of a predetermined gas component in a meas- 
urement gas. 

For example, those known as the method for meas- 
uring NOx in a measurement gas such as combustion 
gas include a technique in which the NOx-reducing abil- 
ity of Rh is utilized while using a sensor comprising a Pt 
electrode and an Rh electrode formed on an oxygen ion- 
conductive solid electrolyte such as zirconia to measure 
an electromotive force generated between the both 
electrodes. 

The sensor as described above suffers the fol towing 
problem. That is, the electromotive force is greatly 
changed depending on the change in concentration of 
oxygen contained in a combustion gas as a measure- 
ment gas. Moreover, the change in electromotive force 
is small with respect to the change in concentration of 
NOx. For this reason, the conventional sensor tends to 
suffer influence of noise. 

Further, in order to bring out the NOx-reducing abil- 
ity, it is indispensable to use a reducing gas such as CO. 
For this reason, the amount of produced CO is generally 
smaller than the amount of produced NOx under a lean 
fuel combustion condition in which a large amount of 
NOx is produced. Therefore, the conventional sensor 
has a drawback in that it is impossible to perform meas- 
■ urement for a combustion gas produced under such a 
combustion condition. 

A system has been disclosed., for example, in Jap- 
anese Laid-Open Patent Publication Nos. 63-38 154 and 
64-39545, in which a pair of electrochemical pumping 
cell and sensor cell comprising Pt electrode and an ox- 
ygen ion-conductive solid electrolyte are combined with 
another pair of electrochemical pumping cell and sensor 
cell comprising Rh electrode and an oxygen ion-conduc- 
tive solid electrolyte to measure NOx in accordance with 
a difference between respective pumping current val- 
ues. 

Further, for example, Japanese Laid-Open Patent 
Publication Nos. 1-277751 and 2-1543 disclose the fol- 
lowing method. That is, two pairs of electrochemical 
pumping cells and sensor cells are prepared. The limit- 
ing pumping current is measured at a partial pressure 



of oxygen at which NOx is not reduced, by using a sen- 
sor comprising one of the pairs of pumping cells and 
sensor cells, while the limiting pumping current is meas- 
ured at a partial pressure of oxygen at which NOx is re- 

5 duced, by using a sensor comprising the other pair of 
pumping cell and sensor cell so that the difference be- 
tween the limiting pumping currents is determined. Be- 
sides, the difference in limiting current is measured by 
using a sensor comprising a pair of pumping cell and 

to sensor cell, while switching the partial pressure of oxy- 
gen in a measurement gas between a partial pressure 
of oxygen at which NOx is reduced and a partial pres- 
sure of oxygen at which NOx is not reduced. 

is SUMMARY OF THE INVENTION 

The present invention relates to the gas sensor as 
described above, an object of which is to provide a gas 
sensor which has a self-diagnosis function capable of 

^0 quickly and reliably detecting whether or not the gas 
sensor has any trouble (malfunction). 

According to the present invention, there is provid- 
ed a gas sensor comprising a main pumping means for 
pumping-processing oxygen contained in a measure- 
rs ment gas introduced from an external space into a 
processing spade formed and comparted by solid elec- 
trolytes contacting with the external space so that a par- 
tial pressure of oxygen in the processing space is con- 
trolled to have a predetermined value at which a prede- 

30 termined gas component as a measurement objective 
is not decomposable; and an electric signal-generating 
conversion means for making conversion into an electric 
signal corresponding to an amount of oxygen contained 
in the measurement gas after being pumping-p recessed 

35 by the main pumping means; wherein a measurement 
gas component contained in the measurement gas is 
measured on the basis of the electric signal supplied 
from the electric signal-generating conversion means; 
the gas sensor further comprising a heater for heating 

40 at least the main pumping means and the electric signal- 
generating conversion means to predetermined temper- 
atures; an impedance-detecting means for detecting an 
impedance between predetermined electrodes; and a 
self-diagnosis means for comparing an impedance val- 

45 ue detected by the impedance-detecting means with a 
prescribed value to decide whether or not any trouble 
occurs, on the basis of a result of comparison. 

According to the present invention, at first, the ox- 
ygen, which is contained in the measurement gas intro- 

50 duced from the external space, is pumping-processed 
by the main pumping means, and the oxygen is adjusted 
to have a predetermined concentration. The measure- 
ment gas, which has been adjusted for the oxygen con- 
centration by the main pumping means, is introduced 

55 into the electric signal-generating conversion means in 
the next step. The electric signal-generating conversion 
means decomposes the measurement gas component 
contained in the introduced measurement gas by means 
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of catalytic action and/or electrolysis, to make conver- 
sion into the electric signal corresponding to the amount 
of oxygen produced by the decomposition. The meas- 
urement gas component contained in the measurement 
gas is measured on the basis of the electric signal sup- 
plied from the electric signal -gene rating conversion 
means. 

The detecting operation described above is per- 
formed while heating at least the main pumping means 
and the electric signal -gene rating conversion means to 
the predetermined temperatures by the aid of the heater. 
Therefore, the amount of the predetermined component 
is detected highly accurately by using the electric signal- 
generating conversion means. 

The predetermined gas component includes, for ex- 
ample, NO, and the measurement gas component in- 
cludes, for example, NOx. 

When the electric signal-generating conversion 
means comprises a measuring pumping means, the 
measurement gas, which has been adjusted for the ox- 
ygen concentration by the main pumping means, is in- 
troduced into the measuring pumping means. 

The measuring pumping means decomposes the 
measurement gas component after being pumping- 
processed by the main pumping means, by means of 
catalytic action and/or electrolysis, and it pumping-proc- 
esses oxygen produced by the decomposition. The pre- 
determined gas component corresponding to an 
amount of oxygen is measured on the basis of a pump- 
ing current generated in the measuring pumping means 
in accordance with the amount of oxygen pumping-proc- 
essed by the measuring pumping means. 

In another embodiment, the electric signal-generat- 
ing conversion means comprises a concentration-de- 
tecting means. In this case, the measurement gas, 
which has been adjusted for the oxygen concentration 
by the main pumping means, is introduced into the con- 
centration-detecting means in the next step. An electro- 
motive force of an oxygen concentration cell is generat- 
ed in the concentration-detecting means, which corre- 
sponds to a difference between an amount of oxygen 
contained in a reference gas and an amount of oxygen 
produced by decomposition of the predetermined gas 
component contained in the measurement gas. The pre- 
determined gas component corresponding to the 
amount of oxygen is measured on the basis of the elec- 
tromotive force. 

During the period in which the measurement oper- 
ation is performed for the predetermined gas compo- 
nent, the impedance value between the predetermined 
electrodes is detected by the aid of the impedance-de- 
tecting means. Further, the self-diagnosis means is 
used to compare the impedance value with the pre- 
scribed value and decide whether or not any trouble oc- 
curs, on the basis of the result of comparison. 

In general, the temperature of the gas sensor is cor- 
related with the alternating current resistance (imped- 
ance) of the gas sensor. Specifically, the temperature of 



the gas sensor is proportional to the impedance of the 
gas sensor. Therefore, if the impedance value does not 
arrive at the prescribed value although the electric pow- 
er is supplied to the heater, the gas sensor is out of order 

5 due to any cause (for example, disconnection of the 
heater or malfunction of the electrode). In the present 
invention, it is decided whether or not any trouble occurs 
in the gas sensor, by utilizing the foregoing principle. 
Accordingly, the present invention makes it possible 

10 to promptly and reliably detect whether or not the gas 
sensor is in a failure state at present. Therefore, it is 
possible to make quick response to maintain and man- 
age the gas sensor. The trouble or failure of the gas sen- 
sor includes, for example, disconnection of the heater 

15 and malfunction or abnormality of the electrode. The 
malfunction of the electrode is exemplified by exhaus- 
tion and peeling-off of the electrode due to thermal dam- 
age, and decrease in catalytic activity of the electrode 
due to, for example, poisoning and clogging. 

20 The impedance -detecting means may detect the 
impedance between an electrode disposed for the main 
pumping means and an electrode disposed for the 
measuring pumping means. Alternatively, the imped- 
ance-detecting means may detect the impedance be- 

25 tween a detecting electrode disposed for the measuring 
pumping means and a reference electrode exposed to 
a reference gas. 

The impedance-detecting means may detect the 
impedance between an electrode disposed for the main 

30 pumping means and an electrode disposed for the con- 
centration-detecting means. Alternatively, the imped- 
ance-detecting means may detect the impedance be- 
tween a detecting electrode disposed for the concentra- 
tion-detecting means and a reference electrode ex- 

35 posed to a reference gas. 

The gas sensor according to the present invention 
may be constructed such that the self-diagnosis means 
judges that trouble occurs, when the impedance value 
detected by the impedance-detecting means does not 

40 arrive at the prescribed value for a predetermined period 
of time. 

In this embodiment, the self -diagnosis means com- 
prises a comparing means for comparing the imped- 
ance value detected by the impedance-detecting means 

45 with the prescribed value; and a monitoring means for 
temporarily or periodically monitoring a comparison out- 
put supplied from the comparing means and judging that 
trouble occurs, when the comparison output does not 
arrive at the prescribed value for a predetermined period 

50 of time. 

The monitoring means may monitor the comparison 
output supplied from the comparing means for the pre- 
determined period of time, upon completion of a prede- 
termined condition. Alternatively, the monitoring means 
55 may monitor the comparison output supplied from the 
comparing means at intervals of a certain period of time 
for the predetermined period of time. Further alternative- 
ly, the monitoring means may be operated in accord- 
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ance with a combination of the procedures described 
above. 

The above and other objects, features, and advan- 
tages of the present invention will become more appar- 
ent from the following description when taken in con- s 
junction with the accompanying drawings in which a pre- 
ferred embodiment of the present invention is shown by 
way of illustrative example. 

BRIEF DESCRIPTION OF THE DRAWINGS w 

FIG. 1 shows a cross-sectional view illustrating a 
gas sensor according to a first embodiment; 
FIG. 2 shows an arrangement of a feedback control 
system for a main pumping cell of the gas sensor is 
according to the first embodiment; 
FIG. 3 shows a heater control system of the gas 
sensor according to the first embodiment; 
FIG. 4 shows a circuit diagram illustrating a speci- 
fied example of the heater control system; 20 
FIG. 5 shows a block diagram illustrating a specified 
example of a self -diagnosis unit connected to the 
gas sensor according to the first embodiment; 
FIG. 6 shows a timing chart illustrating an example 
of signal processing effected by the self -diagnosis 25 
unit when the gas sensor is normally operated; 
FIG. 7 shows a timing chart illustrating an example 
of signal processing effected by the self-diagnosis 
unit when the gas sensor is abnormally operated; 
FIG. 8 shows a circuit diagram illustrating a first '"so 
modified embodiment of the gas sensor according 
to the first embodiment, especially illustrating an ar- 
rangement of a heater control system; 
FIG. 9A shows a waveform illustrating a case in 
which the level of a deviation signal is higher than 3S 
the apex level of the triangular wave; 
FIG. 9B shows a waveform illustrating a base-driv- 
ing signal obtained under the condition shown in 
FIG. 9A; 

FIG. 10A shows a waveform illustrating a case in 40 
which the level of a deviation signal is between the 
middle point level and the apex level of the triangu- 
lar wave; 

FIG. 1 0B shows a waveform illustrating a base-drfv- 
ing signal obtained under the condition shown in 4S 
FIG. 10A; 

FIG. 11 A shows a waveform illustrating a case in 
which the level of a deviation signal is between the 
bottom level and the middle point level of the trian- 
gular wave; so 
FIG. 1 1 B shows a waveform illustrating a base-driv- 
ing signal obtained under the condition shown in 
FIG. 11 A; 

FIG. 12A shows a waveform illustrating a case in 
which the level of a deviation signal is lower than ss 
the bottom level of the triangular wave; 
FIG. 1 2B shows a waveform illustrating a base-driv- 
ing signal obtained under the condition shown in 



FIG. 12A; 

FIG. 13 shows a circuit diagram illustrating a sec- 
ond modified embodiment of the gas sensor accord- 
ing to the first embodiment, especially illustrating an 
arrangement of a heater control circuit of a heater 
control system; 

FIG. 1 4 shows a cross-sectional view illustrating an- 
other illustrative arrangement of a feedback control 
system for the main pumping cell of the gas sensor 
according to the first embodiment; 
FIG. 15 shows a cross-sectional view illustrating a 
gas sensor according to a second embodiment; 
FIG. 16 shows a characteristic curve illustrating an 
output characteristic of the gas sensor according to 
the second embodiment; and 
FIG. 1 7 shows a cross-sectional view illustrating an- 
other illustrative arrangement of a feedback control 
system for a main pumping cell of the gas sensor 
according to the second embodiment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Explanation will be made below with reference to 
FIGs. 1 to 17 for several illustrative embodiments in 
which the gas sensor according to the present invention 
is applied to gas sensors for measuring oxides such as 
NO, N0 2 , S0 2 , C0 2 , and H 2 0 contained in, for example, 
atmospheric air and exhaust gas discharged from vehi- 
cles of automobiles, and inflammable gases such as CO 
and CnHm. 

At first, as shown in FIG. 1 , a gas sensor 200A ac- 
cording to the first embodiment comprises, for example, 
six stacked solid electrolyte layers 1 0a to 1 0f composed 
of ceramics based on the use of oxygen ion<x>nductive 
solid electrolytes such as ZrOg. First and second layers 
from the bottom are designated as first and second sub- 
strate layers 1 0a, 1 0b respectively. Third and fifth layers 
from the bottom are designated as first and second 
spacer layers 10c, lOe respectively. Fourth and sixth 
layers from the bottom are designated as first and sec- 
ond solid electrolyte layers 10d, 10f respectively. 

Specifically, the first spacer layer 10c is stacked on 
the second substrate layer 1 0b. The first solid electrolyte 
layer 1 0d, the second spacer layer 1 0e, and the second 
solid electrolyte layer 10f are successively stacked on 
the first spacer layer 10c. 

A space (reference gas-introducing space) 12, into 
which a reference gas such as atmospheric air to be 
used as a reference for measuring oxides is introduced, 
is formed between the second substrate layer 10b and 
the first solid electrolyte layer 10d, the space 12 being 
comparted by a lower surface of the first solid electrolyte 
layer lOd, an upper surface of the second substrate lay- 
er 10b, and side surfaces of the first spacer layer 10c. 

The second spacer layer 1 0e is interposed between 
the first and second solid electrolyte layers 10d, 101 
First and second diffusion rate-determining sections 14, 
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1 6 are also interposed between the first and second sol- 
id electrolyte layers 10d, 10f. 

A first chamber 1 8 for adjusting the partial pressure 
of oxygen in a measurement gas is formed and com- 
parted by a lower surface of the second solid electrolyte 
layer 1 0f, side surfaces of the first and second diffusion 
rate-determining sections 14, 16, and an upper surface 
of the first solid electrolyte layer 1 0d. A second chamber 
20 for finely adjusting the partial pressure of oxygen in 
the measurement gas and measuring oxides, for exam- 
ple, nitrogen oxides (NOx) in the measurement gas is 
formed and comparted by a lower surface of the second 
solid electrolyte layer 10f, a side surface of the second 
diffusion rate-determining section 16, a side surface of 
the second spacer layer 10e, and an upper surface of 
the first solid electrolyte layer 1 0d. 

The external space communicates with the. first 
chamber 18 via the first diffusion-rate determining sec- 
tion 1 4, and the first chamber 1 8 communicates with the 
second chamber 20 via the second diffusion rate-deter- 
mining section 16. 

The first and second diffusion -rate determining sec- 
tions 14, 16 give predetermined diffusion resistances to 
the measurement gas to be introduced into the first and 
second chambers 18, 20 respectively Each of the first 
and second diffusion- rate determining sections 14, 16 
can be formed as a passage composed of, for example, 
a porous material, or a small hole having a predeter- 
mined cross-sectional area so that the measurement 
gas may be introduced. 

Especially, the second diffusion-rate determining 
section 16 is arranged and filled with a porous material 
comprising, for example, Zr0 2 . The diffusion resistance 
of the second diffusion-rate determining section 16 is 
made larger than the diffusion resistance of the first dif- 
fusion-rate determining section 14. 

The atmosphere in the first chamber 18 is intro- 
duced into the second chamber 20 under the predeter- 
mined diffusion resistance via the second diffusion rate- 
determining section 16. 

An inner pumping electrode 22 having a substan- 
tially rectangular planar configuration and composed of 
a porous cermet electrode is formed on the entire lower 
surface portion for forming the first chamber 18, of the 
lower surface of the second solid electrolyte layer 10f. 
An outer pumping electrode 24 is formed on a portion 
corresponding to the inner pumping electrode 22, of the 
upper surface of the second solid electrolyte layer 10f. 
An electrochemical pumping cell, i.e., a main pumping 
cell 26 is constructed by the inner pumping electrode 
22, the outer pumping electrode 24, and the second sol- 
id electrolyte layer 10f interposed between the both 
electrodes 22, 24. 

A desired control voltage (pumping voltage) Vpl is 
applied between the inner pumping electrode 22 and the 
outer pumping electrode 24 of the main pumping cell 26 
by the aid of an external variable power source 28 to 
allow a pumping current to flow in a positive or negative 



direction between the outer pumping electrode 24 and 
the inner pumping electrode 22. Thus, the oxygen in the 
atmosphere in the first chamber 18 can be pumped out 
to the external space, or the oxygen in the external 
5 space can be pumped into the first chamber 1 8. 

A measuring electrode 30 having a substantially 
rectangular planar configuration and composed of a po- 
rous cermet electrode is formed on an upper surface 
portion for forming the first chamber 18 adjacent to the 
10 second diffusion rate -determining section 1 6, of the up- 
per surface of the first solid electrolyte layer 10d. A ref- 
erence electrode 32 is formed on a port ton exposed to 
the reference gas-introducing space 12, of the lower 
surface of the first solid electrolyte layer 10d. An elec- 
ts trochemical sensor cell, i.e., an oxygen partial pressure- 
detecting cell 34 is constructed by the measuring elec- 
trode 30, the reference electrode 32, and the first solid 
electrolyte layer 10d. 

An electromotive force is generated between the 
20 measuring electrode 30 and the reference electrode 32 
on the basis of a difference in oxygen concentration be- 
tween the atmosphere in the first chamber 18 and the 
reference gas (atmospheric air) in the reference gas-in- 
troducing space 1 2. The oxygen partial pressure-detect- 
25 ing cell 34 makes it possible to detect the partial pres- 
sure of oxygen in the atmosphere in the first chamber 
1B by measuring the generated electromotive force by 
using a voltmeter 36. 

The detected value of the partial pressure of oxygen 
30 is used to feedback-control the variable power source - 
2B. Specifically, the pumping operation performed by 
the main pumping cell 26 is controlled so that the partial 
pressure of oxygen in the atmosphere in the first cham- 
ber 18 has a predetermined value which is sufficiently 
35 low to control the partial pressure of oxygen in the sec- 
ond chamber 20 in the next step. 

Specifically, as shown in FIG. 2, a circuit system 
(feedback control system) 3B for performing the feed- 
back control comprises a first differential amplifier 40 for 
40 determining a difference between a difference (meas- 
ured voltage Va) between an electric potential of the 
measuring electrode 30 and the ground electric poten- 
tial and a difference (reference voltage Vb) between an 
electric potential of the reference electrode 32 and the 
45 ground electric potential, and amplifying the determined 
difference with a predetermined gain to make an output; 
a second differential amplifier 42 for determining a dif- 
ference between the output of the first differential am- 
plifier 40 and a reference voltage Vc, and amplifying the 
50 determined difference with a predetermined gain to 
make an output; and a signal-amplifying system 46 com- 
posed of a one-stage or multi-stage amplifier 44 for am- 
plifying the output of the second differential amplifier 42 
with a predetermined gain. In this embodiment, the wir- 
ss ing connection is made so that the output of the signal- 
amplifying system 46 is supplied to the outer pumping 
electrode 24 of the main pumping cell 26, and the inner 
pumping electrode 22 is grounded. 
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Accordingly, at first, the measurement gas is intro- 
duced into the first chamber 1 8 via the first diffusion rate- 
determining section 14. The measured voltage Va and 
the reference voltage Vb at that time are supplied to the 
first differential amplifier 40. The first differential ampli- 
fier 40 outputs the differential voltage Vd between the 
measured voltage Va and the reference voltage Vb. The 
differential voltage Vd is applied, for example, to an in- 
verting terminal of the second differential amplifier 42 
disposed at the downstream stage. The second differ- 
ential amplifier 42 determines the difference between 
the differential voltage Vd supplied to the inverting ter- 
minal and the reference voltage Vc supplied to a non- 
inverting terminal. The voltage signal Ve, which is ob- 
tained by amplifying the determined difference with the 
predetermined gain, is outputted from an output terminal 
of the second differential amplifier 42. The voltage signal 
Ve is amplified with the predetermined gain by the sig- 
nal-amplifying system 46 disposed at the downstream 
stage, and an obtained voltage is supplied as the pump- 
ing voltage Vpl to the outer pumping electrode 24 of the 
main pumping cell 26. In this embodiment, the inner 
pumping electrode 22 has the ground electric potential 
(0 V). Therefore, the voltage between the both elec- 
trodes 22, 24 of the main pumping cell 26 is equivalent 
to the pumping voltage Vpl supplied from the signal-am- 
plifying system 46 after all. 

Therefore, the main pumping cell 26 pumps out or 
pumps in oxygen in an amount corresponding to the lev- 
el of the pumping voltage Vp1 , of the measurement gas 
introduced into the first chamber 18. The oxygen con- 
centration in the first chamber 18 is subjected to feed- 
back control to give a predetermined level by repeating 
the series of operations described above. 

The porous cermet electrode for constructing the in- 
ner pumping electrode 22 and the outer pumping elec- 
trode 24 is composed of a metal such as Pt and a ce- 
ramic such as Zr0 2 . However, it is necessary, for the 
inner pumping electrode 22 and the measuring elec- 
trode 30 arranged in the first chamber 18 contacting with 
the measurement gas, to use a material having a weak 
reducing ability or no reducing ability with respect to the 
NO component in the measurement gas. It is preferable 
that the inner pumping electrode 22 and the measuring 
electrode 30 are composed of, for example, a com- 
pound having the perovskrte structure such as 
La 3 Cu0 4 , a cermet comprising a ceramic and a metal 
having a low catalytic activity such as Au, or a cermet 
comprising a ceramic, a metal of the Pt group, and a 
metal having a low catalytic activity such as Au. Further, 
when an alloy comprising Au and a metal of the Pt group 
is used as an electrode material, it is preferable to add 
Au in an amount of 0.03 to 35 % by volume of the entire 
metal components. 

On the other hand, as shown in FIG. 1 , an auxiliary 
pumping electrode 50 having a substantially rectangular 
planar configuration and composed of a porous cermet 
electrode is formed on the entire lower surface portion 



for forming the second chamber 20, of the lower surface 
of the second solid electrolyte layer 10f. An auxiliary 
electrochemical pumping ceil, i.e., an auxiliary pumping 
cell 52 is constructed by the auxiliary pumping electrode 
5 50, the reference electrode 32, the second solid elec- 
trolyte layer 10f, the second spacer layer 10e, and the 
first solid electrolyte layer 10d. 

A desired constant voltage Vp2 is applied between 
the reference electrode 32 and the auxiliary pumping 
io electrode 50 of the auxiliary pumping cell 52 by the aid 
of an external power source 54. Thus, the oxygen in the 
atmosphere in the second chamber 20 can be pumped 
out to the reference gas-introducing space 12. Accord- 
ingly, the partial pressure of oxygen in the atmosphere 
15 in the second chamber 20 is allowed to have a low value 
of partial pressure of oxygen at which the measurement 
of the amount of the objective component is not sub- 
stantially affected, under the condition in which the 
measurement gas component (NOx) is not substantially 
20 reduced or decomposed. In this embodiment, owing to 
the operation of the main pumping cell 26 for the first 
chamber 1 8, the change in amount of oxygen introduced 
into the second chamber 20 is greatly reduced as com- 
pared with the change in the measurement gas. Accord- 
25 ingly, the partial pressure of oxygen in the second cham- 
ber 20 is accurately controlled to be constant. 

In the gas sensor 200A according to the first em- 
bodiment, a detecting electrode 56 having a substan- 
tially rectangular planar configuration and composed of 
30 a porous cermet electrode is formed at a portion sepa- 
rated from the second diffusion rate-determining section 
16, on an upper surface portion for forming the second 
chamber 20, of the upper surface of the first solid elec- 
trolyte layer 1 0d. An alumina film for constructing a third 
3S diffusion rate-determining section 58 is formed so that 
the detecting electrode 56 is covered therewith. An elec- 
trochemical pumping cell, i.e., a measuring pumping cell 
60 is constructed by the detecting electrode 56, the ref- 
erence electrode 32, and the first solid electrolyte laver 
40 i0d. y 

The detecting electrode 56 is composed of a porous 
cermet comprising zirconia as a ceramic and Rh as a 
metal capable of reducing NOx as the measurement gas 
- - component. Accordingly, the detecting electrode 56 
4$ functions as a NOx-reducing catalyst for reducing NOx 
existing in the atmosphere in the second chamber 20. 
Further, the oxygen in the atmosphere in the second 
chamber 20 can be pumped out to the reference gas- 
introducing space 1 2 by applying a constant voltage Vp3 
so between the detecting electrode 56 and the reference 
electrode 32 by the aid of a DC power source 62. The 
pumping current Ip, which is allowed to flow in accord- 
ance with the pumping operation performed by the 
measuring pumping cell 60, is detected by an ammeter 
55 64. 

The constant voltage (DC) power source 62 can ap- 
ply a voltage of a magnitude to give a limiting current to 
the pumping for oxygen produced during decomposition 



6 



11 



EP 0 887 640 A1 



12 



in the measuring pumping cell 60 under the inflow of 
NOx restricted by the third diffusion rate-determining 
section 58. 

The gas sensor 200A according to the first embod- 
iment further comprises a heater 66 for generating heat 
in accordance with electric power supply from the out- 
side. The heater 66 is embedded in a form of being ver- 
tically interposed between the first and second substrate 
layers 10a, 10b. The heater 66 is provided in order to 
increase the conductivity of oxygen ion. A ceramic layer 
6B composed of alumina or the like is formed to cover 
upper and lower surfaces of the heater 66 so that the 
heater 66 is electrically insulated from the substrate lay- 
ers 10a, 10b. 

As shown in Fig. 1 , the heater 66 is arranged over 
the entire portion ranging from the first chamber 18 to 
the second chamber 20. Accordingly, each of the first 
chamber 18 and the second chamber 20 is heated to a 
predetermined temperature. Simultaneously, each of 
the main pumping cell 26, the oxygen partial pressure- 
detecting cell 34, the auxiliary pumping cell 52, and the 
measuring pumping cell 60 is also heated to a predeter- 
mined temperature and maintained at that temperature. 

The gas sensor 200A according to the first embod- 
iment includes a heater control system comprising an 
impedance-detecting circuit 70 inserted and connected 
between, for example, the inner pumping electrode 22 
and the auxiliary pumping electrode 50 of the main 
pumping cell 26 except for the detecting electrode 56, 
for detecting the impedance between -the-both elec- 
trodes 22, 50, and a heater control circuit 72 for control- 
ling electric power application to the heater 66 on the 
basis of a detection signal supplied from the impedance- 
detecting circuit 70. 

As shown in FIG. 3, the impedance-detecting circuit 
70 includes an alternating current-generating circuit B0 
for supplying an alternating current between the inner 
pumping electrode 22 and the auxiliary pumping elec- 
trode 50, and a signal-detecting circuit 82 for detecting 
a voltage signal Vf at a level corresponding to the im- 
pedance between the electrodes 22, 50, generated be- 
tween the electrodes 22, 50 in accordance with the al- 
ternating current supply between the electrodes 22, 50. 

As shown in FIG. 4, the impedance measurement 
objective, which is constructed by the inner pumping 
electrode 22, the auxiliary pumping electrode 50, and 
the second solid electrolyte layer 10f interposed be- 
tween the both electrodes 22, 50, is equivalently repre- 
sented by a circuit 84 comprising a resistor R and a ca- 
pacitor C connected in parallel. 

Therefore, as shown in FIG. 4, the signal-detecting 
circuit 82 may be constructed by a filter circuit (for ex- 
ample, a low-pass filter and a band-pass filter) 86 for 
converting the alternating current signal generated be- 
tween the electrodes 22, 50 into the voltage signal Vf at 
a level corresponding to the impedance between the 
electrodes 22, 50. 

On the other hand, as also shown in FIG. 4, the 



heater control circuit 72 is constructed as having a com- 
parator 88 with hysteresis, and a pnp-type power tran- 
sistor 90. The comparator 8B with hysteresis is operated 
as follows. That is, assuming that the reference level is 

s E, and the dead band level is V H , if the level of the volt- 
age signal Vf outputted from the filter circuit 86 is higher 
than a positive threshold level (E + Vj/2), then a low 
level signal is outputted, while if the detection level is 
lower than a negative threshold level (E - Vh/2), then a 

w high level signal is outputted. If the detection level is 
within a range of -V H /2 to +Vrf2 t the present level is 
maintained. 

The power transistor 90 has its collector terminal to 
which a power source Vcc is connected, its base termi- 

15 nal to which an output side of the comparator 88 with 
hysteresis is connected, and its emitter terminal to which 
a first terminal 01 of the heater 66 is connected. A sec- 
ond terminal 02 of the heater 66 is grounded. 

The power transistor 90 is ON-operated by supply- 

20 ing the low level signal from the comparator 88 to the 
base terminal. Accordingly, the driving current is sup- 
plied from the power source Vcc to the heater 66. On 
the other hand, the power transistor 90 is OFF-operated 
by supplying the high level signal from the comparator 

25 88 to the base terminal. Accordingly, the supply of the 
driving current to the heater 66 is stopped. 

The frequency band of the alternating current com- 
ponent generated by the alternating current-generating 
circuit 80 is desirably set, for example, to be within a 

30 range of about 300 Hz to 100 kHz, and optimally within 
a range of 1 kHz to 10 kHz. The voltage of the alternating 
current component is desirably set to be at a level at 
which no trouble occurs in the function of each elec- 
trode, for example, not more than 500 mV, and optimally 

35 about 1 00 m V to 300 mV. 

The reference level E, which is supplied to the com- 
parator 88 of the heater control circuit 72, is set to be 
the same level as the detection level obtained when the 
temperature of the measurement gas in the sensor ele- 

40 ment is at a predetermined temperature (desired tem- 
perature). 

The operation of the gas sensor 200A will now be 
explained. At first, the forward end of the gas sensor 
200A is disposed in the external space. Accordingly, the 

45 measurement gas is introduced into the first chamber 
1 8 under the predetermined diffusion resistance via the 
first diffusion rate-determining section 1 4, The measure- 
ment gas, which has been introduced into the first cham- 
ber 18, is subjected to the pumping operation for oxy- 

50 gen, caused by applying the predetermined pumping 
voltage Vp1 between the outer pumping electrode 24 
and the inner pumping electrode 22 which construct the 
main pumping cell 26. The partial pressure of oxygen is 
controlled to be a predetermined value, for example, 

55 1 0" 7 atm. The control is performed by the aid of the feed- 
back control system 38 shown in FIG. 2. 

The first diffusion rate-determining section 14 
serves to limit the amount of diffusion and inflow of ox- 



7 



13 



EP 0 887 640 A1 



14 



ygen in the measurement gas into the measuring space 
(first chamber 18) when the pumping voltage Vp1 is ap- 
plied to the main pumping cell 26 so that the current flow- 
ing through the main pumping cell 26 is suppressed. 

In the first chamber 18, a state of partial pressure 
of oxygen is established, in which NOx in the atmos- 
phere is not reduced by the inner pumping electrode 22 
and the measuring electrode 30 in an environment of 
being heated by the external measurement gas and be- 
ing heated by the heater 66. For example, a condition 
of partial pressure of oxygen is formed, in which the re- 
action of NO -> 1/2N 2 + l/20 2 does not occur, because 
of the following reason. That is, if NOx in the measure- 
ment gas (atmosphere) is reduced in the first chamber 
18, it is impossible to accurately measure NOx in the 
second chamber 20 disposed at the downstream. 
Therefore, it is necessary to establish a condition in the 
first chamber 18 in which NOx is not reduced by the 
component which participates in reduction of NOx (in 
this case, the metal component of the inner pumping 
electrode 22 and the measuring electrode 30). Specifi- 
cally, such a condition is achieved by using, for the inner 
pumping electrode 22 and the measuring electrode 30, 
a material having a low ability to reduce NOx, for exam- 
ple, an alloy of Au and Pt. 

The gas in the first chamber 18 is introduced into 
the second chamber 20 under the predetermined diffu- 
sion resistance via the second diffusion rate-determin- 
ing section 16. The gas, which has been introduced into 
the second chamber 20, is subjected to the pumping op- 
eration for oxygen, caused by applying the predeter- 
mined constant voltage Vp2 between the reference 
electrode 32 and the auxiliary pumping electrode 50 
which constitute the auxiliary pumping cell 52 to make 
fine adjustment so that the partial pressure of oxygen 
has a constant and low value of partial pressure of ox- 
ygen. 

The second diffusion rate-determining section 16 
serves to limit the amount of diffusion and inflow of ox- 
ygen in the measurement gas into the measuring space 
(second chamber 20) when the constant voltage Vp2 is 
applied to the auxiliary pumping cell 52 so that the cur- 
rent flowing through the auxiliary pumping ceil 52 is sup- 
pressed, in the same manner as performed by the first- 
diffusion rate-determining section 14. 

In the second chamber 20, a state of partial pres- 
sure of oxygen is also established, in which NOx in the 
atmosphere is not reduced by the auxiliary pumping 
electrode 50 in an environment of being heated by the 
external measurement gas and being heated by the so 
heater 66, in the same manner as established in the first 
chamber 18. Accordingly, it is also necessary for the 
auxiliary pumping electrode 50 to use a material having 
a weak reducing ability or no reducing ability with re- 
spect to the NO component in the measurement gas, in ss 
the same manner as the inner pumping electrode 22 and 
the measuring electrode 30. It is preferable that the aux- 
iliary pumping electrode 50 is composed of, for example, 



a compound having the perovskite structure such as 
La 3 Cu0 4 , a cermet comprising a ceramic and a metal 
having a tow catalytic activity such as Au, or a cermet 
comprising a ceramic, a metal of the R group, and a 
metal having a low catalytic activity such as Au. Further, 
when an alloy comprising Au and a metal of the Pt group 
is used as an electrode material, it is preferable to add 
Au in an amount of 0.03 to 35 % by volume of the entire 
metal components. 

The measurement gas, which has been controlled 
for the partial pressure of oxygen in the second chamber 
20 as described above, is introduced into the detecting 
electrode 56 under the predetermined diffusion resist- 
ance via the third diffusion rate-determining section 58. 

When it is intended to control the partial pressure 
of oxygen in the atmosphere in the first chamber 18 to 
have a low value of the partial pressure of oxygen which 
does not substantially affect the measurement of NOx, 
by operating the main pumping cell 26, in other words, 
when the pumping voltage Vp1 of the variable power 
source 28 is adjusted by the aid of the feedback control 
system 38 so that the voltage detected by the oxygen 
partial pressure-detecting cell 34 is constant, if the ox- 
ygen concentration in the measurement gas greatly 
changes, for example, in a range of 0 to 20 %, then the 
respective partial pressures of oxygen in the atmos- 
phere in the second chamber 20 and in the atmosphere 
in the vicinity of the detecting electrode 56 slightly 
change in ordinary cases. This phenomenon is caused 
probably because of the following reason. That is, when 
the oxygen concentration in the measurement gas in- 
creases, the distribution of the oxygen concentration oc- 
curs in the widthwise direction and the thickness direc- 
tion over the measuring electrode 30 in the first chamber 
18. The distribution of the oxygen concentration chang- 
es depending on the oxygen concentration in the meas- 
urement gas. 

However, in the case of the gas sensor 200A ac- 
cording to the first embodiment, the auxiliary pumping 
cell 52 is provided for the second chamber 20 so that 
the partial pressure of oxygen in its internal atmosphere 
always has a constant low value of the partial pressure 
of oxygen. Accordingly, even when the partial pressure 
of oxygen in the atmosphere introduced from the first 
chamber 18 into the second chamber 20 changes de- 
pending on the oxygen concentration in the measure- 
ment gas, the partial pressure of oxygen in the atmos- 
phere in the second chamber 20 can be always- made 
to have a constant low value, owing to the pumping op- 
eration performed by the auxiliary pumping cell 52. As 
a result, the partial pressure of oxygen can be controlled 
to have a low value at which the measurement of NOx 
is not substantially affected. 

NOx in the measurement gas introduced into the 
detecting electrode 56 is reduced or decomposed 
around the detecting electrode 56. Thus, for example, 
a reaction of NO 1/2N 2 + l/20 2 is allowed to occur. 
In this process, a predetermined voltage Vp3, for exam- 
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pie, 430 mV (700 °C) is applied between the detecting 
electrode 56 and the reference electrode 32 for con- 
structing the measuring pumping cell 60, in a direction 
to pump out the oxygen from the second chamber 20 to 
the reference gas-introducing space 12. 

Therefore, the pumping current Ip flowing through 
the measuring pumping cell 60 has a value which is pro- 
portional to a sum of the oxygen concentration in the 
atmosphere introduced into the second chamber 20, i. 
e., the oxygen concentration in the second chamber 20 
and the oxygen concentration produced by reduction or 
decomposition of NOx by the aid of the detecting elec- 
trode 56. 

In this embodiment, the oxygen concentration in the 
atmosphere in the second chamber 20 is controlled to 
be constant by means of the auxiliary pumping cell 52. 
Accordingly, the pumping current Ip flowing through the 
measuring pumping cell 60 is proportional to the NOx 
concentration. The NOx concentration corresponds to 
the amount of diffusion of NOx limited by the third diffu- 
sion rate-determining section 58. Therefore, even when 
the oxygen concentration in the measurement gas 
greatly changes, it is possible to accurately measure the 
NOx concentration, based on the use of the measuring 
pumping cell 60 by the aid of the ammeter 64. 

It is assumed, for example, that the partial pressure 
of oxygen in the atmosphere in the second chamber 20 
controlled by the auxiliary pumping cell 52 is 0.02 ppm, 
and the concentration of NO as the NOx component in 
the measurement gas is 100 ppm. The pumping current 
Ip flows in an amount corresponding to a sum (= 50.02 
ppm) of an oxygen concentration of 50 ppm produced 
by reduction or decomposition of NO and the oxygen 
concentration of 0.02 ppm in the atmosphere in the sec- 
ond chamber 20. Therefore, almost all of the pumping 
current value obtained by operating the measuring 
pumping cell 60 represents the amount brought about 
by the reduction or decomposition of NO. Accordingly, 
the obtained result does not depend on the oxygen con- 
centration in the measurement gas. 

During the period in which the foregoing operation 
is performed, the impedance between the inner pump- 
ing electrode 22 and the auxiliary pumping electrode 50 
except for the detecting electrode 56 is detected as a 
voltage level by the aid of the impedance-detecting cir- 
cuit 70. The electric power application to the heater 66 
is controlled on the basis of the detected voltage level 
by the aid of the heater control circuit 72. 

Specifically, if the temperature of the measurement 
gas becomes lower than the predetermined tempera- 
ture, and the impedance between the electrodes 22, 50 
is increased, then the level of the voltage signal Vf out- 
putted from the filter circuit 86 (see FIG. 4) of the imped- 
ance-detecting circuit 70 is also increased. If the level 
of the voltage signal Vf becomes higher than the positive 
threshold level (E + V„/2) of the comparator 88, then the 
low level signal is supplied to the base electrode of the 
power transistor 90 included in the heater control circuit 



72, and the electric power application to the heater 66 
is started. Accordingly, the temperature of the measure- 
ment gas in the sensor element is gradually increased. 
On the other hand, if the temperature of the meas- 

5 urement gas becomes higher than the predetermined 
temperature, and the impedance between the elec- 
trodes 22, 50 is decreased, then the level of the voltage 
signal Vf outputted from the filter circuit 86 is also de- 
creased. If the level of the voltage signal Vf becomes 

w lower than the negative threshold level (E - Vh/2) of the 
comparator B8, then the high level signal is supplied to 
the base electrode of the power transistor 90 included 
in the heater control circuit 72, and the electric power 
application to the heater 66 is stopped. Accordingly, the 

is temperature of the measurement gas in the sensor ele- 
ment is gradually decreased. As described above, the 
temperature in the sensor element can be maintained 
to be constant by controlling the electric power applica- 
tion to the heater 66 on the basis of the impedance val- 

20 ue. 

Accordingly, it is unnecessary for the gas sensor 
200A according to the first embodiment to manufacture 
the gas sensor 200A as having a strict resistance ratio 
between the resistance value of the lead section of the 

2S heater and the resistance value of the heat-generating 
section of the heater. Further, it is possible to avoid the 
influence which would be otherwise exerted by the tem- 
perature of the measurement gas due to the increase in 
resistance value of the heater lead section. 

30 in the gas sensor 200 A according to the first em- 
bodiment, the impedance value between the electrodes 
except for the detecting electrode 56 is detected. There- 
fore, the voltage Vp3 applied to the measuring pumping 
cell 60 is free from variation which would be otherwise 

35 caused by the detection of the impedance. Accordingly, 
it is possible to suppress, for example, superimposition 
of noise and fluctuation of the pumping current Ip de- 
tected by the aid of the ammeter 64. In other words, it 
is possible to suppress variation of the detection output 

40 which would be otherwise caused depending on the 
temperature of the measurement gas. Further, it is pos- 
sible to realize a high S/N ratio of the detection output. 

As shown in FIG. 1 , the gas sensor 200A according 
to the first embodiment includes a self-diagnosis unit 

45 202 for monitoring the condition of the gas sensor 200A, 
connected downstream from the impedance-detecting 
circuit 70. 

Specifically, as shown in FIG. 4, an output line L1 
of the filter circuit 86 is branched into two. One output 

so |jne is connected to the comparator 88 with hyster- 
esis, and the other output line L 12 is connected to the 
self-diagnosis unit 202. 

As shown in FIG. 5, the self-diagnosis unit 202 com- 
prises a comparator 204 for comparing the level of the 

ss voltage signal Vf supplied from the filter circuit 86 with 
a prescribed level Eb, a clock-generating unit 206 for 
generating a predetermined clock Pc, a trigger pulse- 
generating circuit 208 for generating a trigger pulse sig- 
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nal Pt on the basis of an input of an instruction signal 
Sg supplied, for example, from an unillustrated micro- 
computer installed outside, a window pulse-generating 
circuit 210 for generating a window pulse Pw having a 
predetermined pulse width on the basis of an input of s 
the trigger pules signal Pt supplied from the trigger 
pulse-generating circuit 208, a judging circuit 212 for 
judging whether or not the levei of the voltage signal Vf 
arrives at the prescribed level Eb within the pulse width 
of the window pulse Pw outputted from the window 10 
pulse-generating circuit 210, a decoder 214 for analyz- 
ing a result of judgement supplied from the judging cir- 
cuit 212 to make an output as a display control signal, 
and a display controller 216 for outputting, to a display 
unit 2 1 8, a display signal or display data corresponding is 
to an attribute of the control signal supplied from the de- 
coder 214. 

The comparator 204 outputs, for example, a high 
level signal Sh if the level of the voltage signal Vf is high- 
er than the prescribed level Eb, while it outputs a tow 20 
level signal Sh if the level of the voltage signal Vf is lower 
than the prescribed level Eb (see FIG. 6). 

The trigger pulse-generating circuit 208 is in an en- 
able state, for example, on the basis of the input of the 
' instruction signal Sg from the outside, and it generates 2s 
one trigger pulse Pt, for example, at an initial rising tim- 
ing of an clock Pc. Thereafter, the trigger pulse-gener- 
ating circuit 208 generates the trigger pulse Pt every 
time when a predetermined number of clocks are count- 
ed, 30 

The window pulse-generating circuit 21 0 is in an en- 
able state on the basis of the input of the trigger pulse 
Pt supplied from the trigger pulse-generating circuit 208, 
and it generates, for example, one window pulse Pw 
which rises at the initial rising timing of the clock Pc and 35 
which falls at a point of time, at which a predetermined 
number of clocks are counted (see FIGs. 6 and 7). 

The judging circuit 212 outputs two types of judge- 
ment signals (first and second judgement signals Si1, 
Si2) depending on the change in level of the window 40 
pulse Pw and the output signal Sh from the comparator 
204. 

As shown in FIG. 6, for example, the first judgement 
signal Si1 is at a low level if the output signal Sh from - 
the comparator 204 is at a high level at the point of time *s 
of rising of the window pulse Pw, and it is at a high level 
if the output signal Sh from the comparator 204 is at a 
low level within the pulse width of the window pulse Pw 
Therefore, if the output signal from the comparator 204 
is not at the low level within the pulse width of the window so 
pulse Pw, that is. if the level of the voltage signal Vf does 
not become higher than the prescribed level Eb, then 
the first judgement signal Si1 maintains the low level. 

As shown in FIG. 7, for example, the second judge- 
ment signal Si2 is at the high level at the point of time ss 
of completion of the window pulse Pw (at the point of 
falling thereof) if the first judgement signal Si1 is at the 
low level. 



The decoder 21 4 outputs a control signal (for exam- 
ple, a low level signal) for indicating "normal" to the dis- 
play controller 216 disposed downstream if the first and 
second judgement signals Si1 , Si2 are at the high level 
and the low level respectively. The decoder 21 4 outputs 
a control signal (for example, a high level signal) for in- 
dicating "abnormal' to the display controller 216 dis- 
posed downstream if the first and second judgement 
signals Si1, Si2 are at the low level and the high level 
respectively. 

The display controller 216 outputs, to the display 
unit 218 disposed downstream, information indicating 
"normal*, for example, display data for message or sym- 
bol to indicate "normal" if the control signal fed from the 
decoder 214 indicates "normal". When the display unit 
218 is, for example, an LED (light emitting diode), the 
display controller 216 outputs, for example, a signal in- 
dicating light-out. 

On the other hand, the display controller 216 out- 
puts information indicating "abnormal", for example, dis- 
play data for message or symbol to indicate "abnormal" 
if the control signal fed from the decoder 214 indicates 
"abnormal". When the display unit 218 is, for example, 
an LED (light emitting diode), the display controller 216 
outputs, for example, a signal indicating light-up. 

If the control signal indicating "abnormal" is sup- 
plied from the decoder 214 disposed upstream, the dis- 
play controller 21 6 outputs a disable signal Sj to the trig- 
ger pulse-generating circuit 208 so that the trigger 
pulse-generating circuit 208 is in a stopped state. 

The gas sensor 200A according to the first embod- 
iment is basically constructed as described above. Next, 
its function and effect, especially function and effect of 
the self-diagnosis unit 202 will be explained. 

At first, when the power source is turned on for the 
apparatus installed with the gas sensor 200A, the initial 
operation is performed in the apparatus. The initial op- 
eration includes electric power application to the heater 
66 of the gas sensor 200A. 

At a point of time after passage of a predetermined 
period of time (for example, a period of time for complet- 
ing the warming-up process for the gas sensor 200A) 
from the point of time of the electric power application 
to the heater 66, the microcomputer (not shown) outputs 
the instruction signal Sg to the trigger pulse-generating 
circuit 208 of the self-diagnosis unit 202. When the ap- 
paratus for installing the gas sensor 200A therein is an 
automobile, the point of time of the completion of the 
warming-up process indicates a point of time at which 
the water temperature arrives at a predetermined value. 

From the point of time at which the instruction signal 
Sg is supplied from the microcomputer (not shown) to 
the self-diagnosis unit 202, the self-diagnosis unit 202 
starts monitoring for the gas sensor 200A, i.e., monitor- 
ing for the impedance value (impedance value between 
the inner pumping electrode 22 and the auxiliary pump- 
ing electrode 50) supplied from the impedance<Jetect- 
ing circuit 70. In this embodiment, the monitoring is per- 
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formed for the level of the voltage signal Vf obtained by 
converting the impedance value into the voltage. 

As shown in FIG . 6, if the impedance value from the 
impedance-detecting circuit 70 (level of the voltage sig- 
nal Vf) arrives at the prescribed value (prescribed level) 
Eb within the predetermined period of time (within the 
pulse width of the window pulse Pw), the first and sec- 
ond judgement signals Si1 , Si2 outputted from the judg- 
ing circuit 212 are at the high level and the low level 
respectively. Therefore, the control signal indicating 
"normal - is outputted from the decoder 214. As a result, 
the display unit 21 8 makes a display indicating "normal". 

After that, the instruction signal Sg is periodically 
supplied from the microcomputer (not shown) to the self- 
diagnosis unit 202. Self-diagnosis for the gas sensor 
200A is performed every time when the instruction sig- 
nal Sg is supplied. 

On the other hand, as shown in FIG. 7, if the level 
of the voltage signal Vf does not arrive at the prescribed 
, level Eb even after passage of the predetermined period 
of time, the judging circuit 212 outputs the fist judgement 
signal Si1 at the low level and the second judgement 
signal Si2 at the high level respectively. Accordingly, the 
control signal indicating "abnormal 0 is outputted from 
the decoder 21 4, and the display unit 21 8 makes a dis- 
play indicating "abnormal". Upon the judgement of ab- 
normality, the disable signal Sj is outputted from the dis- 
play controller 21 6 to the trigger pulse-generating circuit 
208. The process forjudging the trouble to be performed 
by the self -diagnosis unit 202 thereafter is completed. . 
The display indicating "abnormal" is made until the reset 
input is made for the display unit 218. 

In general, the temperature of the gas sensor 200A 
is correlated with the alternating current resistance (im- 
pedance) of the gas sensor 200A. Specifically, the tem- 
perature of the gas sensor 200A is proportional to the 
impedance of the gas sensor 200 A. Therefore, if the im- 
pedance value (for example, the impedance value be- 
tween the inner pumping electrode 22 and the auxiliary 
pumping electrode 50) does not arrive at the prescribed 
value Eb although the electric power is supplied to the 
. heater 66, the gas sensor 200A has any trouble due to 
any cause (for example, disconnection of the heater 66 
or malfunction of the electrode). The self -diagnosis unit 
202 of the gas sensor 200A according to the first em- 
bodiment decides whether or not any trouble occurs in 
the gas sensor 200A by utilizing the foregoing principle. 

As a result, in the gas sensor 200A according to the 
first embodiment, it is possible to promptly and reliably 
detect whether or not the gas sensor 200A is in a failure 
state at present. Therefore, it is possible to make quick 
response to maintain and manage the gas sensor 200A 
(including response to legislation). 

The trouble or failure of the gas sensor 200A in- 
cludes, for example, disconnection of the heater 66 and 
malfunction of the electrode. The malfunction of the 
electrode is exemplified by exhaustion and peeling-off 
of the electrode due to thermal damage, and decrease 



in catalytic activity of the electrode due to, for example, 
poisoning and clogging. 

Next, three modified embodiments of the gas sen- 
sor 200A according to the first embodiment will be de- 

s scribed with reference to FIGs. 8 to 1 7. Components or 
parts corresponding to those shown in FIGs. 1 and 4 are 
designated by the same reference numerals, duplicate 
explanation of which will be omitted. 

At first, a gas sensor according to the first modified 

10 embodiment is constructed in approximately the same 
manner as the gas sensor 200A according to the first 
embodiment. However, the former is different from the 
latter in the arrangement of the heater control system 
as follows. 

15 That is, as shown in FIG. 8, the heater control sys- 
tem comprises the alternating current-generating circuit 
80 as well as two detection circuits (first and second de- 
tection circuits 100, 102), a differential amplifier 104, 
and a pulse width-modulating circuit 1 30 for modulating 

20 the pulse width of the signal (hereinafter simply referred 
to as "base-driving signal Sp") for driving the base of the. 
power transistor 90. 

Specifically, at first, a first series circuit 106 com- 
prising a fixed resistor Ra connected in series to the par- 

25 allel circuit 84 including the resistor R and the capacitor 
C (the equivalent circuit of the impedance measurement 
objective constructed by the inner pumping electrode 
22, the auxiliary pumping electrode 50, and the second 
solid electrolyte layer 10f disposed therebetween), and 

.30 a second series circuit 108 comprising a fixed resistor 
Rb connected in series to a variable resistor Rc are con- 
nected in parallel between the supply line of the alter- 
nating current-generating circuit 80 respectively. The 
wiring connection is made such that an alternating cur- 

35 rent signal Sa, which is generated in the parallel circuit 
(element impedance) 84 by supplying the alternating 
current to the first and second series circuits 106, 108, 
is supplied to the first detection circuit 100. The wiring 
connection is made such that an alternating current sig- 

40 nal Sb, which is generated in the variable resistor Rc, is 
supplied to the second detection circuit 102. Further, the 
wiring connection is made such that both of an output 
Vg of the first detection circuit 100 and an output Vh of 
the second detection circuit 102 are supplied to the dif- 
45 ferential amplifier 104 disposed at the downstream 
stage. FIG. 8 shows an example of wiring connection in 
which the output Vg of the first detection circuit 100 is 
inputted into a non-inverting input terminal of the differ- 
ential amplifier 1 04, and the output Vh of the second de- 
50 tection circuit 102 is inputted into an inverting input ter- 
minal thereof. 

The resistance value of the variable resistor Rc is 
set to be a resistance value corresponding to a normal 
impedance between the electrodes of the impedance 
55 measurement objective which is connected as the first 
series circuit 106. In this embodiment, the resistance 
value is set to be a resistance value corresponding to a 
normal impedance between the inner pumping elec- 



11 



21 



EP 0 887 640 A1 



22 



trode 22 and the auxiliary pumping electrode 50. 

The first detection circuit 1 00 comprises, in connec- 
tion, a non-inverting amplifying circuit 1 1 0 for amplifying, 
with a predetermined gain, the alternating current signal 
Sa generated in the parallel circuit (element impedance) 
84, and a rectifying circuit 112 for rectifying an output Sc 
from the non-inverting amplifying circuit 110 and con- 
verting an obtained result into the voltage signal Vg at 
a direct current level corresponding to the output level. 
The second detection circuit 102 comprises, in connec- 
tion, a non-inverting amplifying circuit 11 4 for amplifying, 
with a predetermined gain, the alternating current signal 
Sb generated in the variable resistor Rc, and a rectifying 
circuit 116 for rectifying an output Sd from the non-in- 
verting amplifying circuit 1 1 4 and converting an obtained 
result into the voltage signal Vh at a direct current level 
corresponding to the output level. The fixed resistor Ra 
has the same resistance value as that of the frxed resis- 
tor Rb. 

The pulse width-modulating circuit 130 comprises 
a triangular wave-generating circuit 132 for generating 
and outputting a predetermined triangular wave St hav- 
ing, for example, a bottom level of -5 V and an apex level 
of +5 V, and a comparator 1 34 for comparing the trian- 
gular wave St supplied from the triangular wave-gener- 
ating circuit 132 with an output signal Vi supplied from 
the differential amplifier 104. FIG. 8 shows an example 
of wiring connection in which the output signal VI sup- 
plied from the differential amplifier 104 is inputted into 
^ an inverting-input terminal of the comparator 134, and 
the triangular wave St supplied from the triangular wave- 
generating circuit 1 32 is inputted into a non-inverting in- 
put terminal thereof. 

The level of the output signal Vi from the differential 
amplifier 104 provides a threshold value for the triangu- 
lar wave St That is, if the level of the output signal VI is 
not tower than the apex level of the triangular wave as 
shown in FIG. 9A, the base-driving signal at a low level 
is always outputted from the comparator 1 34 as shown 
in FIG. 9B. If the level of the output signal Vi is higher 
than the bottom level of the triangular wave and lower 
than the apex level as shown in FIGs. 1 0A and 11 A, then 
the base-driving signal is outputted at a high level during 
a period in which the triangular wave St is higher than 
the level of the output signal VI, and the base-driving 
signal is outputted at a low level during a period in which 
the triangular wave St is lower than the level of the out- 
put signal VI, as shown in FIGs. 1 0B and 1 1 B. If the level 
of the output signal VI is not higher than the bottom level 
of the triangular wave as shown in FIG. 12A, the base- 
driving signal at a high level is always outputted from 
the comparator 1 34 as shown in FIG. 12B. 

Next, the operation of the gas sensor according to' 
the first modified embodiment, especially the operation 
of the heater control system will be explained. At first, 
the alternating current is supplied to the first series cir- 
cuit 106 including the impedance measurement objec- 
tive (parallel circuit) 84 by the aid of the alternating cur- 



rent-generating circuit 80, simultaneously with which the 
alternating current is also supplied to the second series 
circuit 108 including the variable resistor Rc set to have 
the resistance value corresponding to the normal im- 
5 pedance between the electrodes 22, 50. 

When the alternating current is supplied to the first 
series circuit 106, the alternating current signal Sa gen- 
erated in the parallel circuit 84 (element impedance) is 
supplied to the first detection circuit 100, and it is out- 
10 putted after being converted into the direct current volt- 
age signal Vg. On the other hand, when the alternating 
current is supplied to the second series circuit 108, the 
alternating current signal Sb generated in the variable 
resistor Rc is supplied to the second detection circuit 
15 102, and it is outputted after being converted into the 
direct current voltage signal (reference signal) Vh. 

Both of the voltage signal Vg outputted from the first 
detection circuit 1 00 and the reference signal Vh output- 
ted from the second detection circuit 102 are supplied 
20 to the differential amplifier 1 04. The differential amplifier 
104 determines a difference between the voltage signal 
Vg and the reference signal Vh to make an output as 
the deviation signal Vi. 

The deviation signal Vi outputted from the differen- 
*5 tial amplifier 104, especially its voltage level is com- 
pared with the triangular wave St supplied from the tri- 
angular wave-generating circuit 132, by the aid of the 
comparator 134 included in the pulse width-modulating 
circuit 1 30 disposed at the downstream stage. 
so At first, during the warming-up period, the difference 
in temperature between the sensor element tempera- 
ture and the measurement gas temperature is extremely 
large, and the impedance between the electrodes 22, 
50 is extremely large. Accordingly, as shown in FIG. 9A, 
3S the level of the deviation signal Vi exceeds the apex lev- 
el of the triangular wave St, and the base-driving signal 
Sp is always at a low level. As a result, the power tran- 
sistor 90 is always turned ON, and the electric power is 
continuously applied to the heater 66. When the sensor 
40 element temperature is raised by the continuous electric 
power application to the heater 66, the level of the de- 
viation signal Vi is lower than the apex level of the trian- 
gular wave St. Accordingly, the level of the deviation sig- 
nal Vi varies within a range between the bottom level 
4S and the apex level depending on the high or low tem- 
perature of the measurement gas (see FIGs. 10A to 
11B). 

When the measurement gas temperature becomes 
lower than the predetermined temperature, and the im- 

50 pedance between the electrodes 22, 50 is increased, 
then the level of the deviation signal Vi outputted from 
the differential amplifier 1 04 of the impedance-detecting 
circuit 70 is also increased as shown in FIGs. 10A and 
10B, and the width of the low level pulse of the base- 

55 driving signal Sp is widened in a degree corresponding 
to the foregoing increase. As a result, the period of time 
to apply the electric power to the heater 66 is prolonged, 
and the measurement gas temperature in the sensor el- 
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ement is gradually raised. 

'On the other hand, when the measurement gas 
temperature becomes higher than the predetermined 
temperature, and the impedance between the elec- 
trodes 22, 50 is decreased, then the level of the devia- 
tion signal Vi outputted from the differential amplifier 1 04 
of the impedance-detecting circuit 70 is also decreased 
as shown in FIGs. 11 A and 1 1 B, and the width of the low 
level pulse of the base-driving signal Sp is narrowed in 
a degree corresponding to the foregoing decrease. As 
a result, the period of time to apply the electric power to 
the heater 66 is shortened, and the measurement gas 
temperature in the sensor element is gradually lowered. 

As described above, the temperature in the sensor 
element can be maintained to be constant by controlling 
the electric power applicat bn to the heater 66 on the 
basis of the impedance value. 

In the gas sensor according to the first modified em- 
bodiment, as shown in FIG: 8, the output line L2 of the 
differential amplifier 104 is branched into two. One out- 
put line L 21 is connected to the comparator 1 34, and the 
other output line L22 is connected to the self-diagnosis 
unit 202. The self-diagnosis unit 202 is constructed in 
the same manner as the self -diagnosis unit 202 shown 
in FIG. 5 except that the signal, which is inputted into 
the self -diagnosis unit 202 through the other output line 
L 2 2. is the output signal Vi supplied from the differential 
amplifier 104. Accordingly, detailed explanation of the 
self-diagnosis unit 202 will be omitted. 

Therefore, in the gas sensor according to the first 
modified embodiment, it is also possible to promptly and 
reliably detect whether or not the gas sensor is in a fail- 
ure state at present. Therefore, it is possible to make 
quick response to maintain and manage the gas sensor. 

Next, a gas sensor according to the second modi- 
fied embodiment will be explained with reference to FIG. 
1 3. The gas sensor according to the second modified 
embodiment is constructed in approximately the same 
manner as the gas sensor according to the first embod- 
iment. However, the former is different from the latter in 
that a differential amplifier 118 is connected in place of 
the comparator 88 with hysteresis included in the heater 
control circuit 72. The power transistor 90 disposed at 
the downstream stage functions not as a digital switch- 
ing circuit based on the use of the saturation region and 
the breaking region of the transistor, but as an analog 
current control circuit based on the use of the saturation 
region, the operating region, and the breaking region of 
the transistor. 

That is, the gas sensor according to the second 
modified embodiment controls the measurement gas 
temperature in the sensor element by continuously con- 
trolling the amount of current supply on the basis of the 
change in impedance between the electrodes 22, 50 
without stopping the electric power application to the 
heater 66. In this embodiment, it is possible to suppress 
excessive electric power consumption which would be 
otherwise observed upon the start of electric power ap- 



plication to the heater 66. 

This embodiment illustrates wiring connection in 
which the deviation signal Vi from the differential ampli- 
fier 104 is supplied to the inverting terminal of the differ- 
s ential amplifier 118, and the reference level Ea is sup- 
plied to the non-inverting terminal thereof. In this proc- 
ess, the reference level Ea is set to be a level which is 
different from the reference level E shown in FIG. 4, be- 
cause it is necessary to compare the reference level Ea 
10 with the level (deviation level) of the deviation signal Vi 
supplied from the differential amplifier 104. Specifically, 
the reference level Ea is set to be the same as the de- 
viation level obtained when the measurement gas tem- 
perature in the sensor element is the predetermined 
is temperature (desired temperature). 

In the gas sensor according to the second modified 
embodiment, as shown in FIG. 1 3, the input line L3 into 
the inverting input terminal of the differential amplifier 
1 1 8 is branched into two. One output line L 3 ^ is connect- 
20 ed to the inverting input terminal, and the other output 
line L 32 is connected to the self -diagnosis unit 202. The 
self -diagnosis unit 202 is constructed in the same man- 
ner as the self -diagnosis unit 202 shown in FIG. 5 except 
that the signal, which is inputted into the self -diagnosis 
25 unit 202 through the other output line L 32 , is the devia- 
tion signal Vi supplied from the differential amplifier 1 04 
shown in FIG. B. Accordingly, detailed explanation of the 
self-diagnosis unit 202 will be omitted. 

Therefore, in the gas sensor according to the sec- 
30 - ond modifiedembodiment, it is ateo possible to promptly 
and reliably detect whether or not the gas sensor is in a 
failure state at present. Therefore, it is possible to make 
quick response to maintain and manage the gas sensor. 
Next, although not shown, a gas sensor according 
35 to the third modified embodiment is constructed such 
that the impedance-detecting circuit 70 for the heater 
control system is the impedance-detecting circuit includ- 
ed in the gas sensor 200A according to the first embod- 
iment, i.e., the impedance-detecting circuit 70 based on 
40 the use of the filter circuit 86, and the heater control cir- 
cuit 72 is the heater control circuit included in the gas 
sensor according to the second modified embodiment, 
i.e., the heater control circuit 72 based on the use of the 
differential amplifier 118. 
45 The gas sensor according to the third modified em- 
bodiment is constructed such that the self -diagnosis unit 
202 constructed in the same manner as the self-diag- 
nosis unit 202 shown in FIG. 5 is connected to the other 
input line L 31 of the differential amplifier 118 shown in 
50 FIG. 1 3. Therefore, in the gas sensor according to this 
modified embodiment, it is also possible to promptly and 
reliably detect whether or not the gas sensor is in a fail- 
ure state. Thus, it is possible to make quick response to 
maintain and manage the gas sensor. 
55 Those constructed for the feedback control system 
38 for the main pumping cell 26 is not limited to the feed- 
back control system 38 shown in FIG. 2. It is also pref- 
erable to adopt a feedback control system 38 shown in 



13 



25 



EP 0 887 640 A1 



26 



FIG. 14. 

That is, the feedback control system 38 includes a 
differential amplifier 120 for comparing a terminal volt- 
age Vj between the reference electrode 32 and the inner 
pumping electrode 22 with a reference voltage Vr and 5 
amplifying an obtained difference with a predetermined 
gain to make an output, which is wired and connected 
such that the output voltage (differential voltage) from 
the differential amplifier 120 is applied, as the pumping 
voltage Vpl to the main pumping cell 26, between the w 
outer pumping electrode 24 and the inner pumping elec- 
trode 22. In this embodiment, the inner pumping elec- 
trode 22 is grounded. 

. Next, the operation of the gas sensor shown in FIG. 
14 will be explained. At first, the measurement gas is is 
introduced into the first chamber 18 via the first diffusion 
rate-determining section 14. During this process, the 
terminal voltage Vj, which is obtained between the inner 
pumping electrode 22 of the main pumping cell 26 and 
the reference electrode 32 formed on the side of the ref- 20 
erence gas-introducing space 12, is applied, for exam- 
ple, to the non-inverting terminal of the differential am- 
plifier 120. The differential amplifier 120 determines the 
difference between the terminal voltage Vj supplied to 
the inverting terminal and the reference voltage Vr sup- 2s 
plied to the non-inverting terminal. The voltage Vp1 , 
which is obtained by amplifying the difference with the 
predetermined gain, is outputted from the output termi- 
nal of the differential amplifier 120. The output voltage 
Vp1 is applied to the outer pumping electrode 24 of the 30 
main pumping cell 26. However, in this embodiment, the 
inner pumping electrode 22 is allowed to have the 
ground electric potential (0 V). Consequently, the volt- 
age between the both electrodes 22, 24 of the main 
pumping cell 26 is equivalent to the output voltage Vpl 35 
from the differential amplifier 120. 

Therefore, the main pumping cell 26 functions as a 
pump for pumping out or pumping in the oxygen con- 
tained in the measurement gas introduced into the first 
chamber 18 in an amount corresponding to the level of 40 
the output voltage Vpl. The oxygen concentration in the 
first chamber 1 8 is feedback-controlled to arrive at a pre- 
determined level by repeating the foregoing series of op- 
erations. 

In this embodiment, the terminal voltage (measured 45 
voltage) Vj, which is applied to the inverting terminal of 
the differential amplifier 120, is the terminal voltage be- 
tween the inner pumping electrode 22 of the main pump- 
ing cell 26 and the reference electrode 32 disposed in 
the reference gas-introducing space 12. Accordingly, so 
when the amount of oxygen pumped out by the main 
pumping cell 26 is changed, and the concentration of 
oxygen in the first chamber 1 8 is changed, then the ter- 
minal voltage between the inner pumping electrode 22 
of the main pumping cell 26 and the reference electrode ss 
32 is changed without any time delay (changed in real- 
time). Therefore, it is possible to effectively suppress the 
oscillation phenomenon which would be otherwise 



caused in the feedback control system 38. 

In the feedback control system 38 described above, 
the control voltage (output voltage Vp1) is feedback- 
. controlled so that the terminal voltage Vj between the 
inner pumping electrode 22 and the reference electrode 
32 is converged to the same level as that of the refer- 
ence voltage Vr. 

In the gas sensor 200A according to the first em- 
bodiment (including the several modified embodi- 
ments), the impedance-detecting circuit 70 is used to 
detect the impedance between the inner pumping elec- 
trode 22 and the auxiliary pumping electrode 50 so that 
the measurement gas temperature in the sensor ele- 
ment is controlled. Further, the self-diagnosis unit 202 
is used to judge whether or not the gas sensor 200A has 
any trouble on the basis of the impedance. However, the 
measurement gas temperature in the sensor element 
may be controlled, and the self -diagnosis process may 
be performed by detecting the impedance between the 
following electrodes: 

(1 ) between the outer pumping electrode 24 and the 
auxiliary pumping electrode 50; 

(2) between the reference electrode 32 and the aux- 
iliary pumping electrode 50; 

(3) between the inner pumping electrode 22 and the 
detecting electrode 56; 

(4) between the outer pumping electrode 24 and the 
detecting electrode 56; and 

(5) between the detecting electrode 56 and the ref^ 
erence electrode 32. 

Especially, when the measurement gas tempera- 
ture in the sensor element is controlled by detecting the 
impedance between the detecting electrode 56 through 
which the detection current Ip flows and the other elec- 
trode, it is possible to more accurately control the meas- 
urement gas temperature in the vicinity of the detecting 
electrode 56 in the sensor element. As a result, ft is pos- 
sible to effectively suppress the variation of the detec- 
tion output (the pumping current value or the electromo- 
tive force) depending on the measurement gas temper- 
ature. Thus, it is possible to realize improvement in de- 
tection accuracy and improvement in reliability of the 
gas sensor 200A. 

Next, a gas sensor 200B according to the second 
embodiment will be explained with reference to FIGs. 
15 to 17. Components or parts corresponding to those 
shown in FIG. 1 are designated by the same reference 
numerals, duplicate explanation of which will be omitted. 

As shown in FIG. 15, the gas sensor 200B accord- 
ing to the second embodiment is constructed in approx- 
imately the same manner as the gas sensor 200A ac- 
cording to the first embodiment. However, the former is 
different from the latter in that an oxygen partial pres- 
sure-detecting cell 1 22 is provided in place of the meas- 
uring pumping cell 60. 

The oxygen partial pressure-detecting cell 122 
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comprises a detecting electrode 1 24 formed on the up- 
per surface portion for forming the second chamber 20, 
of the upper surface of the first solid electrolyte layer 
1 0d, the reference electrode 32 formed on the lower sur- 
face of the first solid electrolyte layer 10d, and the first 
solid electrolyte layer 10d interposed between the both 
electrodes 124, 32. 

In this embodiment, an electromotive force (electro- 
motive force of the oxygen concentration cell), which 
corresponds to the difference in oxygen concentration 
between the atmosphere around the detecting electrode 
1 24 and the atmosphere around the reference electrode 
32, is generated between the detecting electrode 124 
and the reference electrode 32 of the oxygen partial 
pressure-detecting cell 122. Therefore, the partial pres- 
sure of oxygen in the atmosphere around the detecting 
electrode 1 24, in other words, the partial pressure of ox- 
ygen defined by the oxygen produced by reduction or 
decomposition of the measurement gas component 
(NOx) is detected as a voltage value by measuring the 
electromotive force generated between the detecting 
electrode 124 and the reference electrode 32 by using 
a voltmeter 1 26. 

Now, the principle of detection performed by the gas 
sensor 200B according to the second embodiment will 
be explained with reference to a characteristic curve 
shown in FIG. 16. 

At first, when the NO concentration in the external 
space is 0 ppm, if the oxygen concentration in the at- 
mosphere injthe first chamber 18 is controlled by the aid 
of the feedback control system 38 so that the pumping 
voltage Vpl for the main pumping cell 26 has a value 
(10* 7 atm) corresponding to 300 mV, then the oxygen 
concentration in the atmosphere in the second chamber 
20 is also 10* 7 atm. Thus, the electromotive force, which 
is generated between the detecting electrode 124 and 
the reference electrode 32 of the oxygen partial pres- 
sure-detecting cell 122 provided for the second cham- 
ber 20, is about 460 mV. 

When the NO concentration in the external space 
is gradually increased, then the reducing or decompos- 
ing reaction of NO is caused on the detecting electrode 
124, and the oxygen concentration in the atmosphere 
around the detecting electrode 124 is increased, be- 
cause the detecting electrode 1 24 also functions as a 
NOx-reducing catalyst in the same manner as the de- 
tecting electrode 56 of the measuring pumping cell 60 
described above (see FIG. 1). Accordingly, the electro- 
motive force, which is generated between the detecting 
electrode 124 and the reference electrode 32, is gradu- 
ally decreased. With reference to FIG. 1 6 illustrating the 
characteristic curve, for example, when the NO concen- 
tration increases to 300 ppm, 500 ppm, and 1000 ppm, 
the electromotive force detected by the voltmeter 126 is 
gradually decreased to 300 mV, 250 mV, and 220 mV 
respectively. 

The degree of the decrease in electromotive force 
represents the NO concentration. In other words, the 



electromotive force, which is outputted from the oxygen 
partial pressure-detecting ceil 1 22 for the second cham- 
ber 20, constructed by the detecting electrode 1 24, the 
reference electrode 32, and the first solid electrolyte lay- 
s er 10d, represents the NO concentration in the meas- 
urement gas. 

The gas sensor 200B according to the second em- 
bodiment also includes the self-diagnosis unit 202 and 
the heater control system (the impedance-detecting cir- 

10 cuit 70 and the heater control circuit 72) in the same 
manner as the heater control system of the gas sensor 
200A according to the first embodiment (including the 
several modified embodiments). 

Therefore, in the gas sensor 200 B according to the 

15 second embodiment, it is unnecessary to manufacture 
the gas sensor as having a strict resistance ratio be- 
tween the resistance value of the heater lead section 
and the resistance value of the heat-generating section 
of the heater, in the same manner as the gas sensor 

20 200A according to the first embodiment. Moreover, it is 
possible to avoid the influence of the temperature of the 
measurement gas, which would be otherwise exerted 
due to the increase in resistance value of the heater lead 
section. 

25 in another viewpoint, the impedance value between 
the inner pumping electrode 22 and the auxiliary pump- 
ing electrode 50 is detected. Accordingly, the electro- 
motive force, which is generated by the oxygen partial 
pressure-detecting cell 1 22, is free from variation which 
30 would be otherwise caused due to the detection of the 
impedance. Thus, it is possible to suppress, for exam- 
ple, superimposition of noise and fluctuation of the elec- 
tromotive force (voltage) detected by the voltmeter 1 26. 
Therefore, it is possible to suppress variation in detec- 
ts tion output which would be otherwise caused depending 
on the temperature of the measurement gas. Moreover, 
it is possible to realize a high S/N ratio of the detection 
output. 

Further, the temperature of the measurement gas 

40 in the vicinity of the detecting electrode 1 24 can be high- 
ly accurately controlled, and the variation of the detec- 
tion output (electromotive force), which would be other- 
wise caused by the temperature of the measurement 
gas, can be effectively suppressed. These advantages 

45 result in improvement in detection accuracy of the gas 
sensor and improvement in reliability. 

The gas sensor 200B according to the second em- 
bodiment also includes the self-diagnosis unit 202 in the 
same manner as in the gas sensor 200A according to 

50 the first embodiment. Therefore, it is also possible to 
promptly and reliably detect whether or not the gas sen- 
sor 200B is in a failure state at present. Therefore, it is 
possible to make quick response to maintain and man- 
age the gas sensor 200B. 

55 in the gas sensor 200B according to the second em- 
bodiment, the impedance-detecting circuit 70 is used to 
detect the impedance between the inner pumping elec- 
trode 22 and the auxiliary pumping electrode 50 so that 
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the measurement gas temperature in the sensor ele- 
ment is controlled. Further, the self-diagnosis unit 202 
is used to judge whether or not the gas sensor 200B has 
any trouble on the basis of the impedance. However, the 
measurement gas temperature in the sensor element s 
may be controlled, and the self-diagnosis process may 
be performed by detecting the impedance between the 
following electrodes: 

(1 ) between the outer pumping electrode 24 and the io 
auxiliary pumping electrode 50; 

(2) between the reference electrode 32 and the aux- 
iliary pumping electrode 50; 

(3) between the inner pumping electrode 22 and the 
detecting electrode 124; is 

(4) between the outer pumping electrode 24 and the 
detecting electrode 124; and 

(5) between the detecting electrode 1 24 and the ref- 
erence electrode 32. 

20 

The arrangement of the feedback control system 38 
for the main pumping cell 26. is not limited to the feed- 
back control system shown in FIG. 2. Alternatively, as 
shown in FIG. 17, it is also preferable to adopt the same 
arrangement as that of the feedback control system 38 25 
shown in FIG. 14. In this arrangement, an effect is ob- 
tained in that the oscillation phenomenon in the feed- 
back control system 38 can be effectively suppressed. 

The gas sensors 200A, 200B according to the first 
and second embodiments (including the several modi- 30 
fied embodiments) adopt the self-diagnosis unit having 
the arrangement shown in FIG. 5. However, such an ar- 
rangement is persistently illustrative. The self -diagnosis 
unit can be constructed by a combination of a variety of 
digital circuits and analog circuits. 35 

The self-diagnosis unit 202 described above de- 
tects the state of the gas sensor by monitoring the output 
from the final stage of the impedance-detecting circuit. 
However, various methods may be adopted, for exam- 
ple, the impedance itself of the sensor element may be 40 
monitored to compare it with a prescribed value. 

The gas sensors according to the embodiments de- 
scribed above are directed to NOx as the measurement 
gas component. However, the present invention is also 
effectively applicable to the measurement of bound ox- 45 
ygen-containing gas components such as HgO and C0 2 
other than NOx, in which the measurement is affected 
by oxygen existing in the measurement gas. 

It is a matter of course that the present invention is 
not limited to the embodiments described above, which so 
may be constructed in other various forms without de- 
viating from the gist or essential characteristics of the 
present invention. 

As explained above, according to the gas sensor 
concerning the present invention, it is possible to ss 
promptly and reliably detect whether or not the gas sen- 
sor is in a failure state at present, and it is possible to 
make quick response to maintain and manage the gas 



sensor. 



Claims 



1 . A gas sensor comprising: 

a main pumping means (26) for pumping- 
processing oxygen contained in a measure- 
ment gas introduced from an external space in- 
to a processing space (18) formed and com- 
parted by solid electrolytes contacting with said 
external space so that a partial pressure of ox* 
ygen in said processing space is controlled to 
have a predetermined value at which a prede- 
termined gas component as a measurement 
objective is not decomposable; and 
. an electric signal-generating conversion 
means for making conversion into an electric 
signal corresponding to an amount of oxygen 
contained in said measurement gas after being 
pumping-processed by said main pumping 
means (26), wherein: 

a measurement gas component contained in 
said measurement gas is measured on the ba- 
sis of said electric signal supplied from said 
electric signal-generating conversion means, 
said gas sensor further comprising: 
a heater (66) for heating at least said main 
pumping means (26) and said electric- signal- - 
generating conversion means to predeter- 
mined temperatures; 

an impedance-detecting means (70) for detect- 
ing an impedance between predetermined 
electrodes; and 

a self-diagnosis means (202) for comparing an 
impedance value detected by said impedance- 
detecting means (70) with a prescribed value 
to decide whether or not any trouble occurs, on 
the basis of a result of comparison. 

2. The gas sensor according to claim 1 , wherein: 

said electric signal-generating conversion - 
means includes a measuring pumping means 
(60) for decomposing said measurement gas 
component contained in said measurement 
gas after being pumping-processed by said 
main pumping means (26), by means of cata- 
lytic action and/or electrolysis, and pumping- 
processing oxygen produced by said decompo- 
sition; and 

said measurement gas component contained 
in said measurement gas is measured on the 
basis of a pumping current flowing through said 
measuring pumping means (60) in accordance 
with said pumping process effected by said 
measuring pumping means (60). 
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3. The gas sensor according to claim 2, wherein said 
impedance-detecting means (70) detects said im- 
pedance between an electrode (22) disposed for 
said main pumping means (26) and an electrode 
(50) disposed for said measuring pumping means 
(60). 

4. The gas sensor according to claim 2, wherein said 
impedance-detecting means (70) detects said im- 
pedance between a detecting electrode (56) dis- 
posed for said measuring pumping means (60) and 
a reference electrode (32) exposed to a reference 
gas. 

5. The gas sensor according to claim 1 , wherein: 

said electric signal-generating conversion 
means comprises a concentration-detecting 
means (122) for decomposing said measure- 
ment gas component contained in said meas- 
urement gas after being pumping-processed by 
said main pumping means (26), by means of 
catalytic action, and generating an electromo- 
tive force corresponding to a difference be- 
tween an amount of oxygen produced by said 
decomposition and an amount of oxygen con- 
tained in a reference gas; and 
said measurement gas component contained 
in said measurement gas is measured on the 
. . basis of said.electromotiye . force, detected by 
said concentration-detecting means (122). 

6. The gas sensor according to claim 5, wherein said 
impedance-detecting means (70) detects said im- 
pedance between an electrode (22) disposed for 
said main pumping means (26) and an electrode 
(50) disposed for said concentration-detecting 
means (122). 

7. The gas sensor according to claim 5, wherein said 
impedance-detecting means (70) detects said im- 
pedance between a detecting electrode (124) dis- 
posed for said concentration-detecting means 
(122) and a reference electrode (32) exposed to a 
reference gas. 

8. The gas sensor according to claim 1 , wherein said 
self-diagnosis means (202) judges that trouble oc- 
curs, when said impedance value detected by said 
impedance-detecting means (70) does not arrive at 
said prescribed value for a predetermined period of 
time. 

9. The gas sensor according to claim 8, wherein said 
self-diagnosis means (202) comprises: 

a comparing means (204) for comparing said 
impedance value detected by said impedance- 



detecting means (70) with said prescribed val- 
ue; and 

a monitoring means (21 2) for temporarily or pe- 
riodically monitoring a comparison output sup- 
s plied from said comparing means (204) and 

judging that trouble occurs, when said compar- 
ison output does not arrive at said prescribed 
value for a predetermined period of time. 

10 10. The gas sensor according to claim 9, wherein said 
monitoring means (212) monitors said comparison 
output supplied from said comparing means (204) 
at intervals of a certain period of time for said pre- 
determined period of time. 

15 

11. The gas sensor according to claim 9, wherein said 
monitoring means (212) monitors said comparison 
output supplied from said comparing means (204) 
for said predetermined period of time, upon com- 

20 pletbn of a predetermined condition. 

1 2. The gas sensor according to claim 1 1 , wherein said 
monitoring means (212) monitors said comparison 
output supplied from said comparing means (204) 

25 at intervals of a certain period of time for said pre- 
determined period of time. 
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